SUMMARY Counts of T-lymphocytes within surface and crypt epithelium and lamina propria of normal and coeliac small intestinal mucosa using an immunoperoxidase method are described and related statistically to changes in mucosal structure determined by quantitative histology. The mechanism whereby gluten causes mucosal damage in coeliac disease is not known although there is much evidence of altered humoral and cell mediated immunity. Studies using the models of allograft rejection in mice' and the demonstration of cellular sensitisation to gluten fraction III in the peripheral blood of patients with coeliac disease2 suggest that cell mediated immunity is important in the pathogenesis of coeliac disease. The presence of serum antibodies to gluten and the demonstration of antigliadin antibody production by cultured coeliac mucosa exposed to gluten3 show that there is also a humoral immune response.
The mechanism whereby gluten causes mucosal damage in coeliac disease is not known although there is much evidence of altered humoral and cell mediated immunity. Studies using the models of allograft rejection in mice' and the demonstration of cellular sensitisation to gluten fraction III in the peripheral blood of patients with coeliac disease2 suggest that cell mediated immunity is important in the pathogenesis of coeliac disease. The presence of serum antibodies to gluten and the demonstration of antigliadin antibody production by cultured coeliac mucosa exposed to gluten3 show that there is also a humoral immune response.
In the small intestinal mucosa of untreated coeliac disease there is a marked rise in the number of IgM, IgA and IgE producing plasma cells. 4 Both IgA and IgE antibody responses are regulated by subsets of T-lymphocytes and therefore T-lymphocytes may have an important role in both humoral and cellmediated immunity in coeliac disease. It has been shown that T-suppressor lymphocyte activity is generated by alpha gliadin exposure in coeliac disease.5 Morphological and morphometric studies have focused attention on the changes in number and size of intraepithelial lymphocytes in coeliac disease and suggested that they might be of particular importance in pathogenesis.$8 These have been shown to consist predominantly of T-lymphocytes carrying the T8 antigen9 if) which has been used as a marker for the 'suppressor/cytotoxic' subset. It has also been suggested that other cytotoxic effector cells such as killer, or K, cells1l and natural killer, or NK, cells may have a role.
Fluorescence microscopic studies have shown similar distributions and ratios of T4 and T8 positive T-lymphocytes in the surface epithelium and lamina propria of normal and coeliac small bowel mucosa,9 10 and have failed to show any abnormalities in the phenotype of T-lymphocytes which might support a major role in coeliac disease. Although it appeared initially that the T4 positive lymphocytes formed a 'helper/inducer' subset and T8 positive cells a 'suppressor/cytotoxic' subset of T- We describe the use of an immunoperoxidase method using multiple antibodies of possible pan-Tlymphocyte specificity (anti-Leu 1, anti-Leu 5, anti-Leu 9 and anti-T3) and two T-subset specific antibodies (anti-Leu 2 and anti-Leu 3 which have been regarded as markers for cytotoxic/suppressor and helper/inducer cells respectively) to define the range of cell counts in controls and coeliac patients. The statistical relationships between T-lymphocyte populations and measurements of villous and crypt epithelium and lamina propria are presented. The results of staining with the NK cell markers, antiLeu 7 and anti-Leu 11, are also described. 
Results
The numbers of lymphocytes reacting with each monoclonal antibody at each site are given in Tables  1-5 together with the significance of differences between controls and untreated coeliac patients. In both controls and coeliacs the number of intraepithelial lymphocytes demonstrated by the Tlymphocyte marker, T3, and by Leu 9 staining are equivalent. There is no significant excess for Leu 9 None of the differences between the coeliacs and controls is statistically significant. None of the differences between the coeliacs and controls is statistically significant. Of the T-lymphocyte subsets, Leu 2 positive cells predominate in both surface and crypt epithelium of controls and coeliacs. Leu 3 positive cells are present in small numbers. The Leu 2/Leu 3 ratio is approximately 8 in the surface epithelium and 5 in the crypt epithelium in controls and in coeliacs. The counts of both subsets in the surface epithelium are increased in coeliac disease when measured relative to the length of the surface epithelium but not when related to the underlying muscularis mucosae. In the crypt epithelium, for Leu 2 only, the situation is reversed and there is a significant increase in the counts related to the muscularis mucosae but not related to length of crypt epithelium.
The sum of the Leu 2 and Leu 3 bearing lymphocytes was computed and the differences between this and the T3 and Leu 9 positive lymphocyte counts is given. In the surface and crypt epithelium of controls the mean values of the sum of the Leu In the lamina propria the counts obtained using the pan-T lymphocyte markers T3, Leu 1 and Leu 5 closely correspond in control subjects. Leu 9, however, marks a significantly smaller population (approximately 50% of all T-cell markers). There is a large population of Leu 3 positive lymphocytes as well as Leu 2 positive lymphocytes in both controls and coeliacs. The Leu 3/Leu 2 ratio is similar in both -approximately 04. In all lamina propria cell counts there is a wide range of individual variation both in controls and coeliacs but no significant differences are detected.
Discussion
The use of an immunocytochemical technique allows the in situ study of the lymphocytes in normal and abnormal small intestinal mucosa, and can provide valuable evidence of changes in the nature and perhaps the function of these cells in disease. The immunoperoxidase technique also allows the accurate localisation of the cells and correlation of the cell counts with structural changes such as villous atrophy and changes in mucosal volume. A monoclonal antibody reacts to a single epitope which may be used to define the operational set or subset to which the cell belongs and also may be related to the functional state of the cell. Some antibQdies may react to an antigen which has a known specific function that is essential to the definition of a particular cell type. An example of this is the T3 antigen which is associated with the T-lymphocyte antigen receptor, and which is probably the best marker of a functionally mature peripheral Tlymphocyte. The T4 (Leu 3) and T8 (Leu 2) antigens are also associated with antigen reception in Tlymphocytes and appear to mark cells responding to antigen in association with HLA class I and II molecules respectively. Other antibodies such as the other 'pan-T-lymphocyte' markers do not have such a clear relation to physiological role, although Leu 5 is related to the E receptor. This may be expressed by a proportion of natural killer (NK) cells as well as by functional T-lymphocytes.12 Leu 9 is also expressed by null cells as well as T-lymphocytes. Multiple markers can be used to define the lineage of the cells more precisely as a single marker also may be present on cells of different lineage -for example, Leu 3 antigen is present on cells of the monocyte/macrophage and Langerhan's lineage as well as a subset of T-lymphocytes. The use of multiple monoclonal antibodies allows the establishment of a detailed phenotypic pattern for the population of lymphocytes under study. Changes of this pattern in diseases may, as well as defining population changes, indicate changes in the functional state of the cells even if the numbers are unchanged. This can complement studies of functional immunology using peripheral blood or even extracted cells from the gut mucosa which can be criticised on the grounds that the cells are not representative of the specialised mucosal cells or are affected by the process of extraction.
Comparison of the counts of the cells demonstrated by the various 'pan-T-lymphocyte' antibodies in the intestinal epithelium shows unequivocally that the vast majority of cells are functional Tlymphocytes as judged by marker profile. There are no definite numbers of null cells or E receptor positive, T3 negative lymphocytes or more than occasional cells carrying the Leu 7 or Leu 11 antigens which might form an important distinct NK cell population. This is consistent with previous studies"' 15 but the data also allow the question raised previously8 -whether intraepithelial lymphocytes are increased or decreased in coeliac diseaseto be phrased more precisely in terms of cell type, and offers a possible answer as to whether these cells could be playing an active role in the disease process such as has been suggested by previous morphological studies of intraepithelial lymphocytes, experimental studies of fraft-versus-host reaction,6
and allograft rejection.
Our study shows that within the surface epithelium of coeliacs the total number of T-lymphocytes per unit length, and hence per unit area, of underlying muscularis mucosae is not increased, although the relative density within the reduced epithelial compartment, expressed as counts per unit length of epithelium, is much higher. This result is consistent with the findings of previous studies7 8 of intraepithelial lymphocytes identified morphologically. There are, however, changes in the marker patterns in the intraepithelial lymphocytes which might suggest an altered functional state rather than just an increase in density because of the nonspecific crowding of cells into a reduced surface epithelial compartment. There is an increase in the density of Leu 2 positive lymphocytes but there is also in many cases a population of T3 lymphocytes which appear not to express Leu 2 or Leu 3 in amounts detected by immunocytochemical means. As well as an increase in the number of Leu 1 and of Leu 5 positive intraepithelial lymphocytes, there is also an increase in the relative density of Tlymphocytes which are Leu 1 or Leu 5 negative. The significance of these changes is supported by comparison of lymphocyte populations in the surface epithelium with those in the crypt epithelium and the lamina propria where there is close correspondence of the counts of all pan-T-lymphocyte markers. This suggests that the altered patterns of staining of intraepithelial lymphocytes is not an artefact due to low affinity of the antibody and insensitivity of the method. The possibility exists, however, that changes in the intraepithelial environment of the lymphocytes, rather than changes in the lymphocytes themselves, affect the observed staining pattern. A functional significance is suggested for these changes in coeliac disease, and in particular for the specific population of T3 positive, Leu 2 and Leu 3 negative, T-lymphocytes in the surface epithelium, from other studies. A study of T-cell subsets in Sjogren's disease, in which immune mechanisms at epithelial surfaces are also thought to be involved, has demonstrated a population of 'low antigen density Leu 2 positive cells'. 16 That study used flow cytometry which is a more sensitive method than immunocytochemistry, and it is possible that our apparently negative staining cells may correspond to this population. It was suggested that the 'low antigen density Leu 2 positive cells' represented an abnormal differentiation of the cytotoxic/suppressor lymphocytes, but it is also possible that this represents an activation change. There is support for this latter interpretation from studies of the T8 (Leu 2) antigen by Reinherz et all3 which led them to suggest that this antigen might not be expressed by committed cytotoxic/suppressor clones with high affinity for 'neoantigen'. This interpretation is supported by previous morphological studies which have shown enlargement and increased mitotic activity of intraepithelial lymphocytes. The lymphocyte populations of the crypt epithelium appear to be different in number and composition from those of the surface epithelium. Intraepithelial lymphocytes were found in smaller numbers in the crypts than at the surface in both normals and coeliacs. The ratio of cells carrying Leu 3 and Leu 2 antigens -the 'helper/suppressor' ratio -is intermediate between that of the surface epithelium, where Leu 2 positive cells vastly predominate, and the lamina propria or peripheral blood. The crypt compartment of the epithelium expands in coeliac disease and there is a corresponding significant increase in the total counts of T-lymphocytes and Leu-2 positive cells, but there is no significant change in the density of these cells per unit length of crypt epithelium. This suggests a different lymphocyte-epithelial relationship in the crypts to that in the surface epithelium, both in normal and coeliac mucosa. There has been much indirect evidence to suggest that cell mediated immunity is important in the pathogenesis of coeliac disease. The changes reported here in the marker patterns of lymphocytes in the surface epithelium provide new, and more direct, evidence that these cells are part of an active cell mediated immune response which may be involved in the pathogenesis of coeliac disease. 
